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The Making of the Chandra The Making of the Chandra 
XX--ray Observatoryray Observatory



The Magic FormulaThe Magic Formula

1969



In the beginning …In the beginning …

1976 1976 –– Proposal Proposal 
was submittedwas submitted

This was the This was the 
“formal” beginning“formal” beginning



First SWGFirst SWG
R. R. Giacconi Giacconi –– ChmnChmn
M. M. Weisskopf Weisskopf –– Vice Vice ChmnChmn
A. A. Opp Opp (NASA HQ) (NASA HQ) –– Ex OfficioEx Officio

E. E. Boldt Boldt (GSFC)(GSFC) S. Bowyer (UCB)S. Bowyer (UCB)
G. Clark (MIT)G. Clark (MIT) A. A. Davidsen Davidsen (JHU)(JHU)
G. G. Garmire Garmire (CIT)(CIT) B. B. Krasheur Krasheur ((WiscWisc))
R. R. Novick Novick (Columbia) (Columbia) S. S. Shulman Shulman (NRL)(NRL)
H. H. Tananbaum Tananbaum (SAO) (SAO) A. Walker (Stanford)A. Walker (Stanford)
K. Pounds (Leicester) K. Pounds (Leicester) J. J. Truemper Truemper (MPE(MPE))



Early TradesEarly Trades

Moveable MirrorMoveable Mirror
Focal LengthFocal Length
Number of MirrorsNumber of Mirrors
Diameters of MirrorsDiameters of Mirrors
Aspect SolutionAspect Solution
CalibrationCalibration
PayloadPayload



ConceptsConcepts



Einstein Observatory Einstein Observatory -- 19791979



Decadal Survey Decadal Survey -- 19811981

Major New Programs:

#1: An Advanced X-
Ray Astrophysics 
Facility (AXAF) 



AO (1983): Selection (1985)AO (1983): Selection (1985)

ACIS ACIS –– proposed 49 CCDs!proposed 49 CCDs!
HRC HRC 
LETGLETG
HETGHETG
FPCS FPCS –– Focal Plane Crystal SpectrometerFocal Plane Crystal Spectrometer

Removed in 1988Removed in 1988

XRS XRS –– XX--Ray Calorimeter SpectrometerRay Calorimeter Spectrometer
AXAFAXAF--S S -- 19911991
ASTROASTRO--E(2) E(2) --1993 1993 



The Second SWG (1985 The Second SWG (1985 –– ))



Brochure(s) 1986Brochure(s) 1986



Space Station AppearsSpace Station Appears



Technology Mirror AssemblyTechnology Mirror Assembly

Single mirror pairSingle mirror pair
Scaled (2/3) Version of innermost mirrorsScaled (2/3) Version of innermost mirrors
66--m focal lengthm focal length

Allowed for testing in existing facilityAllowed for testing in existing facility
0.410.41--m element lengthm element length
0.420.42--m diameterm diameter
Gold coated (baseline at the time)Gold coated (baseline at the time)



Technology Mirror AssemblyTechnology Mirror Assembly



Technology Mirror AssemblyTechnology Mirror Assembly

First delivery July 1985First delivery July 1985
FWHM < 0.5”FWHM < 0.5”
NearNear--angle scatter (ripple @ 0.7 mm)angle scatter (ripple @ 0.7 mm)

Second delivery Jan 1989Second delivery Jan 1989
Final results were greatFinal results were great

E.g. FWHM from 0.36” E.g. FWHM from 0.36” –– 0.68”0.68”
Encircled energy as predictedEncircled energy as predicted



TMATMA--2: Encircled Energy2: Encircled Energy



Intermediate MilestonesIntermediate Milestones

Initiate Initiate 
purchase of purchase of 
Mirror Mirror 
blanks 1987blanks 1987



Intermediate MilestonesIntermediate Milestones

Prime contractor selection Prime contractor selection –– 19881988
“New Start” “New Start” -- 19881988
Selection of the Science Center Selection of the Science Center –– 19911991
The “VETA” program The “VETA” program -- 19911991

Verification Engineering Test ArticleVerification Engineering Test Article
“The tall pole in the tent”“The tall pole in the tent”



VETA 1991VETA 1991
P1/H1 P1/H1 –– uncoated uncoated 
and uncutand uncut

•• Needed Test Facility at least Needed Test Facility at least 
one year earlier than one year earlier than 

scheduledscheduled



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



VETA VETA -- 19911991

•1G Effects!



VETAVETA



VETAVETA

•Dust!



Veta Veta Test ConclusionTest Conclusion



VetaVeta Test ConclusionTest Conclusion

We passed the congressional milestoneWe passed the congressional milestone
But …. But …. 



Restructuring Restructuring -- 19921992



RestructuringRestructuring

Servicing Disappears from AXAFServicing Disappears from AXAF--II
Assured by new orbitAssured by new orbit
But benefitsBut benefits

EfficiencyEfficiency
ThermalThermal
IridiumIridium

Loss of two mirrorsLoss of two mirrors
Ultimately “loss” of AXAFUltimately “loss” of AXAF--SS



OpticsOptics



OpticsOptics



TelescopeTelescope



TelescopeTelescope



Optical BenchOptical Bench



SpacecraftSpacecraft



Focal Plane InstrumentsFocal Plane Instruments
ACISACIS



Focal Plane InstrumentsFocal Plane Instruments
HRCHRC



GratingsGratings



XX--Ray CalibrationRay Calibration
(1996(1996--1997) 1997) 



XX--Ray Calibration Ray Calibration 

East



XX--Ray Calibration Ray Calibration 



XX--Ray Calibration Ray Calibration 



XX--Ray Calibration Ray Calibration 



XX--Ray Calibration Ray Calibration 



Encircled EnergyEncircled Energy

6.4 keV

0.25 keV



Integration with the S/CIntegration with the S/C

1998



On to the Cape On to the Cape –– Feb 1999Feb 1999



With upper stageWith upper stage



Chandra with ChandraChandra with Chandra



Launching  Launching  -- July 1999July 1999



The Launch The Launch 

Beyond the SkyBeyond the Sky
Words and Music by Judy CollinsWords and Music by Judy Collins

““And we will fly beyond the skyAnd we will fly beyond the sky
Beyond the stars beyond the heavensBeyond the stars beyond the heavens
Beyond the dawn we'll carry onBeyond the dawn we'll carry on
Until our dreams have all come trueUntil our dreams have all come true
To those who fly To those who fly -- we sing to youwe sing to you””



Three Launch AttemptsThree Launch Attempts

Mon/Tue July 19/20Mon/Tue July 19/20
Sensor spike  hydrogen in the engine compartmentSensor spike  hydrogen in the engine compartment

Wed/Thurs July 21/22Wed/Thurs July 21/22

LighteningLightening in the vicinity in the vicinity 

Thurs/Fri July 22/23Thurs/Fri July 22/23
Third time is a charmThird time is a charm



Before Launch Attempt 1Before Launch Attempt 1



LaunchLaunch
July 23 1999 @ 12:31 a.m. EDTJuly 23 1999 @ 12:31 a.m. EDT



In Cargo BayIn Cargo Bay



Just Prior to DeploymentJust Prior to Deployment



Deployment Deployment –– The MovieThe Movie



Deployed!Deployed!



Chandra In Orbit!Chandra In Orbit!



Sitting in the Control CenterSitting in the Control Center



BurnsBurns

July 24 July 24 (Saturday)(Saturday)
July 25 July 25 (Sunday)(Sunday)
July 31July 31 (Saturday)(Saturday)
August 5 August 5 (Thursday)(Thursday)
August 7 August 7 (Saturday)(Saturday)



Door OpeningsDoor Openings
July 26 July 26 -- HRC HousingHRC Housing
August 8 August 8 –– ACIS HousingACIS Housing

Had failed during ground testHad failed during ground test
1818ºº would indicate the seal was brokenwould indicate the seal was broken
7070ºº reading was fully openreading was fully open

Pulse 1 - no motion
Pulse 2 - 13º
Pulse 3 - 19.5º
Pulse 4 - 36º
Pulse 5 – 71.5º



Door Openings (continued)Door Openings (continued)

August 11 August 11 –– HRMA aft coverHRMA aft cover
August 12 August 12 –– HRMA forward cover HRMA forward cover 



First LightFirst Light



Chandra First LightChandra First Light



Chandra First LightChandra First Light

PKS 0637-752

Leon X-1



The Nobel Prize The Nobel Prize -- 20022002



44--Year SymposiumYear Symposium


